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ABSTRACT
The aims of this study were to evaluate seroprevalence and the importance of various risk-factors for
Toxoplasma infection in the Czech Republic. A prospective cross-sectional survey was conducted among
military personnel in Prague. Consenting subjects (n = 3250) completed a questionnaire concerning
demographics and risk-factors, and blood samples were taken to determine anti-Toxoplasma antibody
titres according to complement ﬁxation and ELISA IgG and IgM tests. The seroprevalence of
toxoplasmosis was 23%. In multivariate analysis, independent predictors of Toxoplasma seropositivity
were age (OR 1.03 ⁄ year), consumption of raw meat (OR 1.35), owning a cat (OR 1.25), owning rabbits
(OR 1.47), childhood residence in a townwith a population of <10 000 inhabitants (OR 1.63) vs. location of
the childhood residence in a town with population of >100 000 inhabitants, and blood group type A
(OR 1.28), B (OR 1.33) or AB (OR 1.43) vs. O. These results suggested that horizontal toxoplasmosis
transmission in the Czech Republic may occur through consumption of raw meat, contact with cat faeces
and farming.
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INTRODUCTION
Toxoplasmosis is one of the most common para-
sitic zoonoses worldwide. Horizontal transmis-
sion of Toxoplasma gondii among humans occurs
primarily in one of two ways, namely, ingestion
of infectious oocysts from the environment (e.g.,
subsequent to gardening, changing a cat litter box
or eating unwashed vegetables), or ingestion of
tissue cysts, present in raw or undercooked meat.
Vertical transmission of newly acquired T. gondii
infection can occur from a pregnant woman to the
foetus via the placenta. Toxoplasmosis acquired
post-natally can cause severe encephalitis via
acute infection or reactivation of latent infection
in immunocompromised patients [1]. However,
immunocompetent individuals with latent toxo-
plasmosis do not have distinctive clinical signs,
and the only evidence of infection is the activa-
tion of the immune system against T. gondii
antigens.
The estimated seroprevalence of toxoplasmosis
in human populations worldwide ranges from
9 to 78% [2,3]. The major routes of transmission
vary among different countries, and may depend
on cultural and eating habits [4]. An understand-
ing of the major routes of horizontal transmission
to humans, and the most likely sources of infec-
tion in a given population, is important for the
development of effective public health measures
for the prevention of toxoplasmosis infection in
particular risk groups, including non-immune
(Toxo-free) pregnant females and immunocom-
promised patients, and especially those individ-
uals with advanced human immunodeﬁciency
virus disease. The purpose of the present study
was to evaluate seroprevalence and to study the
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importance of various risk-factors for toxoplas-
mosis in the population of the Czech Republic.
MATERIALS AND METHODS
Study population and data collection
A prospective cross-sectional survey was conducted among
Czech military personnel between 1 April 2000 and 30
September 2004 at the Department of Psychology of the
Central Military Hospital, Prague, Czech Republic. Military
service in the Czech Republic was compulsory before the year
2005; thus, the recruits provided a representative sample of the
Czech male population. All study participants provided
written informed consent, and the study was approved by
the Ethical Committee of the Faculty of Science of Charles
University, Prague.
The study population consisted of two sub-populations
(sets): the ﬁrst set (n = 2616) comprised recruits for compul-
sory military service; the second set (n = 674) comprised
professional full-time military personnel, including the staff of
international military missions, the Implementation Force
(IFOR) and the Stabilisation Force (SFOR).
Demographical characteristics and information concerning
probable risk-factors for toxoplasmosis infection were recorded
at study enrolment using a standardised questionnaire. The
questionnaire included questions concerning demographical
characteristics (age, gender, date of birth, education, marital
status, siblings, type of military service), population size of
current and childhood residence (city ⁄village), eating habits
(i.e., eating or tasting rawmeat), and current or past ownership
of animals (cats, dogs and rabbits) in the participant’s family.
Blood samples for toxoplasmosis testing and for determination
of bloodgroup typewere taken fromall consentingparticipants.
Laboratory methods
All serum samples were tested for toxoplasmosis at the
National Reference Laboratory, National Institute of Public
Health, Prague, using a complement ﬁxation test (CFT)
(SEVAPAHARMA, Prague, Czech Republic) and an IgG
ELISA (SEVAPAHARMA). Samples with high IgG levels were
also tested with an IgM ELISA (TEST-LINE, Brno, Czech
Republic). Latent toxoplasmosis was diagnosed on the basis of
a positive CFT (titre ‡8) and a positive IgG ELISA test
(according to the manufacturer’s recommendations), com-
bined with a negative or equivocal IgM ELISA test [5].
Suspected acute toxoplasmosis was diagnosed on the basis of
a positive IgM ELISA test (positivity index >1.1). Subjects with
discordant CFT and ELISA results were excluded from the
analysis of risk-factors for Toxoplasma infection. In addition,
ABO and Rh blood types were determined for all serum
samples using a microplate method (KlinLab Ltd, Prague,
Czech Republic).
Data analysis
The data were analysed using a case-control study design to
identify factors associated with the risk of having Toxoplasma
infection. Cases were deﬁned as subjects with Toxoplasma
infection (positive in both the CFT and ELISA tests). Controls
were deﬁned as subjects who did not have Toxoplasma
infection (negative in both the CFT and ELISA tests). Data
management and statistical analyses were performed using
SAS software, v.8.2 (SAS Institute Inc., Cary, NC, USA).
Potential risk-factors were assessed initially by univariate
analysis. Categorical data were compared using the Pearson
chi-square test, or Fisher’s exact test when the sample size was
£5. Trends were assessed using the Cochran–Armitage trend
test. Continuous variables were compared using a paired
t-test. Mantel–Haenszel ORs and corresponding 95% CIs were
calculated for dichotomous variables. Variables associated
with an increased risk of having Toxoplasma infection in
univariate analyses (i.e., variables with p <0.1), potential effect
modiﬁers and confounders were entered in an unconditional
multivariate logistic regression model. Possible two-way and
higher interactions among the main effect variables were
examined (no interaction was observed). Confounding was
tested and the ﬁnal model was derived by incorporating a
hierarchical backward elimination approach [6]. Co-linearity
and goodness-of-ﬁt of the ﬁnal logistic regression model were
assessed, with p £0.05 being deﬁned as statistically signiﬁcant.
RESULTS
In total, 3290 representatives from the Czech
military population were recruited to the study
and were tested using CFT and ELISA. Forty
(1.2%) subjects with discordant CFT and ELISA
results were excluded from the analysis of risk-
factors for Toxoplasma infection (29 (0.9%) were
positive by ELISA and negative by CFT; 11 (0.3%)
were positive by CFT and negative by ELISA).
The median age of the remaining 3250 study
participants was 20 years (range 17–60 years); all
were male.
The overall seroprevalence of Toxoplasma infec-
tion was 23%. In individuals with Toxoplasma
infection, IgG antibodies were found at concen-
trations of 18–11 982 optical units (median 133),
and in CFT at titres of 8–1024 (median 16). One
(0.03%) individual had suspected acute toxoplas-
mosis infection (ELISA IgM positivity index 2.5).
The highest seroprevalence was detected in the
groups aged 30–34, 35–39 and‡45 years (35%, 30%
and 29%, respectively) (Fig. 1). The overall trend
for increasing seroprevalence of Toxoplasma infec-
tion was statistically signiﬁcant (p < 0.001), while
thedecreasing trend for individuals aged‡35 years
was not signiﬁcant (p 0.31). The seroprevalence of
Toxoplasma infection among individuals with dif-
ferent bloodgroupswas 20% (213 ⁄ 1052) for typeO,
24% (324 ⁄ 1328) for type A, 25% (150 ⁄ 600) for type
B, and 26% (66 ⁄ 254) for type AB.
The detailed results of the univariate analysis
are shown in Table S1 (see Supplementary mater-
ial). The risk of Toxoplasma infection increased
signiﬁcantly with age, with a signiﬁcantly ele-
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vated risk in the groups aged 25–29 years and
30–34 years, as compared to the group aged
<20 years.
Current residence in a town ⁄village with
<10 000 inhabitants or 10 000–50 000 inhabitants
(compared with living in a city with >100 000
inhabitants), and childhood residence in a town ⁄
village with <10 000 inhabitants (compared with
location of the childhood residence in a city with
>100 000 inhabitants), were associated signiﬁ-
cantly with seropositivity following univariate
analysis. Married status (compared with single
status) and being a professional member of the
military (compared with being a new recruit in
regular compulsory service) were also signiﬁcant
risk-factors following univariate analysis.
Toxoplasma infection was associated signiﬁ-
cantly with eating or tasting raw meat, owning a
cat, owning rabbits, and owning a dog. Blood
groups A, B or AB, compared with blood group
O, were also associated signiﬁcantly with
Toxoplasma infection.
In multivariate analysis (Table S2; see Sup-
plementary material), independent predictors
of Toxoplasma seropositivity were age (OR 1.03 ⁄
year, 95% CI 1.02–1.05), eating or tasting raw
meat (OR 1.35, 95% CI 1.14–1.60), owning a cat
(OR 1.25, 95% CI 1.04–1.50) or rabbits (OR 1.47,
95% CI 1.22–1.77), childhood residence in a
town ⁄village with a population of <10 000 inhab-
itants (OR 1.63, 95% CI 1.25–2.12), and having
blood group A (OR 1.28, 95% CI 1.05–1.56), B
(OR 1.33, 95% CI 1.04–1.69) or AB (OR 1.43,
95% CI 1.03–1.97). When the multivariate analy-
sis was repeated with variable current residence
population size instead of childhood residence
population size, the ﬁnal model had the same
risk-factors, and current residence population size
was a signiﬁcant predictor of toxoplasmosis
(results not shown).
DISCUSSION
The overall seroprevalence of Toxoplasma in the
present study was 23%, which was similar to that
found in previous studies in the Czech Republic,
where toxoplasmosis seroprevalence was report-
ed to be 26.3% in the male population [7], 25–33%
among blood donors [8,9], and 29–37% among
pregnant women [10]. In comparison, the repor-
ted Toxoplasma seroprevalence in other European
countries ranges from 9.1% among pregnant
women in the UK [11] to 71% in France [3] and
77% in Yugoslavia [12]. A high Toxoplasma sero-
prevalence (61–78%) has also been reported for
countries in Central and South America [13,14]
and in sub-Saharan Africa [15]. In the USA, the
overall national seroprevalence has been estima-
ted as 22.5% [2]. A large study conducted in the
USA in 1989 reported a prevalence of 9.5%
among military recruits, with 80% of participants
being aged 17–20 years [16].
The present study found that the seropreva-
lence of toxoplasmosis increased with age, poss-
ibly because of a higher probability of contact
with oocysts of Toxoplasma during professional
activity, gardening, etc. The age trends could also
be explained by a cohort effect [2,17], as the risk of
Toxoplasma infection may have been higher in the
past because the use of frozen meat was less
common and animal rearing practices have sub-
sequently improved [2]. Similar age-related
increases in Toxoplasma seroprevalence have been
reported in numerous studies of various popula-
tions worldwide [2,7,11,12,17–19]. Eating raw or
undercooked meat has also been demonstrated
previously to be a risk-factor for Toxoplasma
infection [12,20–23], with only a few studies
failing to identify such an association [11,18].
A study of pregnant women in six large European
cities (Naples, Lausanne, Copenhagen, Oslo,
Brussels and Milan) found that 30–63% of acute
Toxoplasma infections in the different study
centres were attributed to consumption of
undercooked or cured meat products [20].
In meat-producing animals, tissue cysts of
Toxoplasma are observed most frequently in the
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Fig. 1. Seroprevalence of Toxoplasma infection in different
age groups.
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tissues of infected sheep, goats, pigs and, less
frequently, poultry and rabbits [4], although the
prevalence of tissue cysts is very high in rabbits in
the Czech Republic [24]. The types of meat
products associated with the transmission of
Toxoplasma are different in human populations
with varying eating habits. Thus, a European
multicentre study [20] found that the risk-factors
most strongly predictive of acute Toxoplasma
infection in pregnant women were consumption
of undercooked lamb, beef or game, while a study
conducted in Norway [21] found that Toxoplasma
maternal seropositivity was associated with eat-
ing raw or undercooked mutton and pork, and a
study conducted among women in California in
the USA found that a major infection source was
consumption of rare ⁄medium cooked beef [22].
The reported seroprevalence of Toxoplasma infec-
tion among meat-producing animals in the Czech
Republic in 1979–2000 ranged from 53% in rabbits
[24] to 21–61% in goats [25], 13–55% in sheep [25],
<1–35% in pigs [26], and 2–22% in cattle and
buffalo [27]. On the basis of these ﬁndings, it
seems that the most likely meat sources of
Toxoplasma infection in the Czech Republic could
be rabbits, sheep and goats.
Owning rabbits was found to be associated
independently with Toxoplasma seropositivity.
Keeping rabbits for meat is quite common in the
Czech Republic, and 33% of the families of the
participants in the present study had owned
rabbits. Transmission of Toxoplasma from rabbits
to humans could be realised by tasting or eating
undercooked rabbit meat containing Toxoplasma
cysts, or through skin injuries during skinning the
rabbits and preparing meals. It is also possible for
the hay used by rabbits to be contaminated by
oocysts from infected cat faeces of stray or pet cats
that roam on farms and frequently visit the
haylofts. Toxoplasma infection could be transmit-
ted to humans by ingestion or inhalation of
oocysts from the environment during caring for
rabbits or farming. Owning a cat has been shown
to be a risk-factor for human toxoplasmosis in
several previous studies [17,21,22], although other
studies have demonstrated that contact with cats
is not a risk-factor for Toxoplasma infection in
certain populations [12,18,20,28]. Svobodova et al.
[29] estimated that the seroprevalence of Toxo-
plasma among cats in the Czech Republic was
59%. Epidemiologically, there are numerous stray
cats that live on farms and are allowed to roam
freely; these may contaminate the environment
with oocysts which can infect livestock that will
later be slaughtered for human consumption [4].
The present study showed an association be-
tween residence in a rural location and Toxoplasma
infection; thus, in urban districts of the Czech
Republic, the average prevalence reached 19.6%,
compared with 35.3% in rural districts [7]. An
association between rural location of the childhood
residence and Toxoplasma infection has also been
demonstrated in a study of pregnant women in the
UK [11]. Contact with soil, gardening and soil-
related occupations have been shown to be risk-
factors for toxoplasmosis in a number of studies
[2,3,17,22]. The association between residence in a
small town ⁄ village and having toxoplasmosis
probably reﬂects more frequent contact with soil
through gardening and farming in rural areas.
It is of interest that the study revealed an
association between blood group type and Toxo-
plasma infection, with the lowest prevalence of
Toxoplasma infection being among individuals
with blood group O (20%), and the highest
prevalence among individuals with blood group
AB (26%). A study among blood donors in Russia
has reported similar ﬁndings, with Toxoplasma
seroprevalence being twice as high among sub-
jects with blood group AB than among subjects
with blood group O (54% vs. 27%, respectively)
[30]. It is known that natural resistance to many
infectious diseases may depend, to a certain
extent, on the blood group of an individual
[31,32]. The A, B and O blood group phenotypes
are determined by the presence or absence of A
and ⁄ or B carbohydrate antigens on the surface of
red blood cells [33]. This determines natural
resistance in humans to many infectious disease
agents that have cell surface antigens similar to
the antigens of different blood group types. This
mechanism may, in part, explain the higher
susceptibility of individuals with blood type AB
to several infectious diseases, since the blood of
these individuals does not contain the corres-
ponding natural antibodies.
The present study was subject to several lim-
itations. The study population included relatively
young and healthy men, and the ﬁndings may
therefore differ from ﬁndings in other
populations. Self-reported data obtained from
questionnaires could potentially introduce a mis-
classiﬁcation bias. Several factors reported by
other studies to be risk-factors for toxoplasmosis
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were not assessed, e.g., foreign birthplace
[2,11,17,19], educational level [2], socio-economic
status [2,14,34], consumption of drinking water
other than bottled water [18], drinking unﬁltered
water [14], and eating unwashed raw vegetables
or fruit [21]. Despite these limitations, the study
provided good data concerning the seropreva-
lence of Toxoplasma infection in a population of
military personnel, which was a fairly represen-
tative sample of the general population of healthy
men in the Czech Republic.
Since the elimination of Toxoplasma parasites in
animal sources is not feasible, public health
measures directed towards the prevention of
toxoplasmosis should be focused primarily on
the prevention of transmission of Toxoplasma from
known animal sources to humans. The most
important recommendation for prevention of
Toxoplasma infection is to avoid eating raw or
incompletely cooked meat. Particular attention
should be given to the handling and thorough
cooking of rabbit meat, since the prevalence of
Toxoplasma in rabbits is high in the Czech Repub-
lic. Further studies are necessary to explore the
impact of host genetic factors on the acquisition of
Toxoplasma infection.
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